We performed at ISOLDE the spectroscopy of the decay of the 8 − isomer in 136 Cs by γ and conversion-electron detection. For the first time the excitation energy of the isomer and the multipolarity of its decay have been measured. The half-life of the isomeric state was remeasured to T 1/2 = 17.5(2) s. This isomer decays via a very slow 518 keV E3 transition to the ground state.
I. INTRODUCTION
Although being close to stability, at present only two levels are known in 136 Cs (T 1/2 = 13.16 d), namely the spin 5 + ground state and an isomer with a half-life of T 1/2 = 19(2) s [1] and spin 8 − [2] . The excitation energy of the 8 − state and its decay properties were not reported in literature prior to our measurement. Further interest in the structure of this nucleus comes from the fact that the 136 Xe → 136 Ba decay is a candidate for the observation of neutrinoless double β decay [3] , as the β decay of 136 Xe to 136 Cs is energetically forbidden.
For the calculation of 0νββ half-lives wave functions of all excited states of the intermediate nucleus are needed [4] . To test such calculation for the 136 Xe neutrinoless double β decay more information on the level scheme of 136 Cs is required.
In this paper we report on the first spectroscopy of the decay of the 8 − isomeric state in 136 Cs. The lifetime of the isomer as well as the multipolarities of the decays to the ground state and an excited state have been measured. The results are compared with shell model calculations.
II. EXPERIMENT AND RESULTS
Conversion-electron spectroscopy is an excellent tool to determine transition multipolarities, since the conversion coefficient α strongly depends on the multipolarity. In order to determine the energy and the multipolarity of the transition, γ rays and conversion electrons from the isomeric level have been measured at the ISOLDE facility at CERN. where cesium was surface ionized. After extraction and acceleration to 40 keV the ISOLDE high resolution separator was used to select an A = 136 beam. Due to the high production rate of 136 Cs, the primary beam intensity was reduced to one proton pulse every 16.8 s with a rather low intensity of 3 · 10 12 p/pulse. The Cs beam was sent to an aluminum catcher foil.
In order to determine the multipolarity of the transition, the conversion coefficients for the K, L and M shell have been measured. The γ decay was measured with a HPGe detector (photo peak efficiency ǫ ph (518 keV) = 0.187 % for the given geometry A. The 518 keV transition Fig. 1 shows the γ-ray and conversion-electron spectra. From the measured γ-ray energy we deduce the previously unknown excitation energy of the 8 − state to be 517.9(1) keV. Table I shows the results of the measurement together with theoretical Band-Raman internal 
B. The 413 keV transition
In addition to the 518 keV ground-state transition, a 413.1(3) keV γ transition which is a factor of 800 weaker, and the corresponding conversion electrons have been found (Fig. 2) .
By measuring the conversion coefficients of this line, we conclude that this transition with (5) is an M4 transition (see Table II ). We also observed 105 keV γ rays and coincidences between these and 377 keV K conversion electrons. This suggests that we have found a new level between the isomeric state at 518 keV and the ground state. Conversion Corresponding conversion-electron energy spectrum.
electrons from the 105 keV transition have not been observed due to the detection threshold.
Under the assumption that no other levels exist, such that only the 413 keV transition can occur before or after a 105 keV transition, one can also determine the multipolarity of the 105 keV transition. Under the assumption of a cascade of 413 and 105 keV transitions, the yields shown in Table III are consistent with an E2 transition only.
III. PROPOSED LEVEL SCHEME
Since the 518 keV transition is the by far strongest line in the spectrum and no higher- an M4 transition for the 413 keV transition with ∆I = 3 would be strongly suppressed compared to an alternative E3 transition, which is excluded by the conversion coefficient measurement. Therefore, we assign spin and parity J π = 4 + to the level at 105 keV. Fig. 3 shows the proposed level scheme of 136 Cs.
IV. SHELL-MODEL INTERPRETATION
The standard shell-model description of 136 Cs considers the five protons and 31 neutrons in the 50-82 valence shell composed of the orbits 1g 7/2 , 2d 5/2 , 1h 11/2 , 3s 1/2 , and 2d 3/2 .
Since 31 neutron particles in this shell are equivalent to one neutron hole, the problem is manageable with existing shell-model codes. Before doing the full calculation, it is instructive to obtain single-particle estimates of the matrix elements that enter into the decay of the 8 isomer. This is illustrated here for the E3 transition from the 8 − isomer to the 5 + ground state.
A reasonable simplification of the full calculation is to assume that, both for the 5 + ground state and the 8 − isomer, the five protons are in a seniority v = 1 state in the πg 7/2 and/or πd 5/2 orbits, that is, four of them couple to J = 0 pairs and one remains unpaired. The two proton pairs are then treated as inactive spectators and the electromagnetic transition effectively takes place between one-proton-particle-one-neutron-hole states. 
but still too large to account for the observed long half-life of the 8 − isomer. In order to try to explain this discrepancy, a full shell-model calculation must be undertaken.
For the full shell-model calculation we have used the interaction SN100PN taken from Brown et al. [9] , who applied it to the description of magnetic moments of nuclei in the 132 Sn region. This interaction has four parts, corresponding to the neutron-neutron, neutronproton, and proton-proton pieces of the nuclear force and the Coulomb repulsion between the protons. 
if the "standard" values for the effective charges are taken, e ν = 0.5e and e π = 1.5e. In the same way one obtains for the M4 transition of the isomer to the first-excited 4 + level B(M4; 8
where unquenched values of g-factors have been used.
From the analysis of the single-particle estimates presented above a strong dependence of the E3 transition rate on the neutron effective charge e ν can be expected. This is confirmed by taking the effective charges e ν = 0 and e π = 1.5e, in which case the following result is obtained:
which leads to a partial half-life of T 1/2 (E3) = 17.5 s (with the conversion coefficient α E3 = 0.02). This results in a total (E3+M4) half-life of 10 s, reasonably close to the observed value.
We have estimated the branching ratio of the 518-keV level without correcting for internal conversion and using the calculated gamma transition probabilities, adopting a zero neutron effective charge, e ν = 0. The value comes out to be 99.34% compared to 99.88% found from experiment. The E3/M4 mixing ratio for the 518-keV gamma, which is defined as the ratio of the two absolute transition amplitudes, comes out as ∼ 0.2, again with vanishing neutron effective charge, e ν = 0. With this value of the mixing ratio, one can estimate theoretically the internal conversion coefficients for this transition from BRICC [5] and they are found to be close to those obtained experimentally.
Overall, the shell model is in reasonable agreement with observation but there are discrepancies. Most notably, the shell model predicts the 105-keV transition to be predominantly M1 with a very small E2 admixture. This is at variance with the experimental observation.
Furthermore, it still remains to be understood why the neutron effective charge would be zero for the E3 transition in this nucleus.
V. CONCLUSION AND OUTLOOK
In summary, we have for the first time determined the excitation energy of 517. should be used to find new levels and shed further light on the nuclear structure of this amazingly unexplored nucleus that is so close to stability.
